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(54) FUEL CIRCULATING FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve controllability of 
the pressure difference between poles in a fuel 
circulating fuel cell system. 

SOLUTION: A fuel gas, hydrogen, is depressurized by a 
fuel gas pressure control valve 7, a made to flow through 
a hydrogen supply channel 8 into an anode humidifier 9, 
humidified therein, and fed to the anode of the fuel cell 1 . 
The hydrogen off-gas discharged from the fuel cell 1 is 
pressurized by a hydrogen pump 11, and returned to the 
hydrogen supply channel 8 to be circulated. An oxidizing 
gas, air, is pressurized by a compressor 2, humidified in 
a cathode humidifier 4, and fed to the cathode of the fuel 
cell 1 . The air off-gas discharged from the fuel cell 1 is 
released through a pressure control valve 6 into the air. 
The air pressurized by the compressor 2 is introduced to the fuel gas pressure control valve 7 
as a signal pressure, based on which the valve opening of the fuel gas pressure control valve 
7 is adjusted so as to hold the pressure difference between the poles of the fuel cell 1 within a 
predetermined range. 
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* NOTICES * 

iTPO and NCIPI are no^ responsible for any 
damages caused by "the use of "this 'transla'txon . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the fuel circuit system fuel cell system which have the fuel cell which fuel gas and oxidant 
gas are supplied [ fuel cell ] and generates the electrical and electric equipment, and the fuel off-gas 
discharged from this fuel cell is made to join said fiiel gas, and is supplied The 1st thrust which consists 
of a pressure of the fuel gas before said fiiel cell supply which said fiiel off-gas was pressurized 
[ supply ] on the passage of said fiiel off-gas, and made said pressurized fuel off-gas join said fuel gas. 
By performing opening adjustment of a bulb based on the 2nd thrust which consists of a pressure of the 
oxidant gas before said fuel cell supply, and pressure of an elastic body, and counters said 1st thrust The 
fuel circmt system fuel cell system characterized by having a fuel gas pressure regulation means to 
adjust the pressxire of the fuel gas supplied to said fuel cell. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel cell system of a fuel circuit system which the 
fuel off-gas especially discharged from a fuel cell is made to join fuel gas, and is made to circulate 
through it about a fuel cell system equipped with the fuel cell which fuel gas and oxidant gas are 
suppUed [ fuel cell ] and generates the electrical and electric equipment. 
[0002] 

[Description of the Prior Art] The both sides of the solid-state polyelectrolyte film are equipped with an 
anode and a cathode, fuel gas (for example, hydrogen gas) is supplied to an anode, oxidant gas (for 
example, oxygen or air) is suppUed to a cathode, and there are some which extracted the chemical 
energy conceming the oxidation reduction reaction of these gas as direct electrical energy in the fuel cell 
carried in a fuel cell powered vehicle etc. In this fuel cell, hydrogen gas ionizes with an anode and it 
moves in the inside of a solid-state polyelectrolyte, and an electron can move to a cathode through an 
extemal load, and can take out now the electrical energy by a series of electrochemical reactioii which 
reacts with oxygen and generates water. 

[0003] In the fuel cell system equipped with this kind of fiiel cell, in order to discharge the water of 
condensation generated with a generation of electrical energy in order to prevent the lack of gas in a 
transitional condition, it is necessary to supply more fuel gas and oxidant gas than the actual 
consumption in a fuel cell. Thus, although the fuel gas which was not consxmied will be discharged from 
a fuel cell when more fuel gas than actual consimiption is supplied to a fixel cell, energy will be wasted 
when this is emitted to atmospheric air. In the fuel cell powered vehicle which carried the fuel cell 
system especially, it becomes fuel consumption aggravation. Then, the gas (this is hereafter called fuel 
off-gas) discharged from the anode side of a fuel cell is pressurized with pressurization means, such as a 
piraip, including the fuel gas which was not consumed with a fuel cell, and the fiiel cell system (this is 
hereafter called fuel circuit system fuel cell system) through which make join new fuel gas and a fuel 
cell is made to circulate again is developed. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, a fuel cell needs to control the differential 
pressure (this is hereafter called electrode differential pressure) of the pressure by the side of an anode, 
and the pressure by the side of a cathode below to a predetermined value for breakage prevention of the 
solid-state polyelectrolyte film etc. When electrode differential pressure is controlled in the fuel circuit 
system fuel cell system mentioned above here, A pressure sensor detects the pressure by the side of an 
anode, and the pressure by the side of a cathode, respectively. Although the system which carries out 
feedback control of the pressxire control valve of ** / empty type which changed this into the electrical 
signal, and inputted into the control unit (ECU), and ECU installed in the fiiel gas supply system based 
on this input signal is considered easily When it is made such a system, there is a problem that control 
becomes very complicated and becomes cost quantity. Then, this invention offers the fuel circuit system 
fuel cell system by which the controUabiUty of electrode differential pressure can plan cost reduction 
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well. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention 
indicated to claim 1 Fuel gas (for example, hydrogen gas in the gestalt of operation mentioned later), 
and oxidant gas The fuel cell which it is supplied [ fuel cell ] and generates the electrical and electric 
equipment (For example, air in the gestalt of operation mentioned later) The fuel off-gas which is 
equipped with (for example, the fuel cell 1 in the gestalt of operation mentioned later), and is discharged 
from this fuel cell In the fiiel circuit system fuel cell system which (for example, the hydrogen off-gas in 
the gestalt of operation mentioned later) is made to join said fuel gas, and supplies it Said fuel off-gas is 
pressurized on the passage (for example, the hydrogen off-gas way 10 in the gestalt of operation 
mentioned later, the hydrogen off-gas recovery way 12) of said fuel off-gas. The 1st thrust which 
consists of a pressure of the fuel gas before said fuel cell supply which made said pressurized fuel off- 
gas join said fuel gas. By performing opening adjustment of a bulb based on the 2nd thrust which 
consists of a pressure of the oxidant gas before said fuel cell supply, and pressure of an elastic body (for 
example, spring 3 1 in the gestalt of operation mentioned later), and coimters said 1 st thrust It is 
characterized by having a fuel gas pressure regulation means (for example, the hydrogen pump 1 1 and 
the fuel gas pressure regulating valve 7 in a gestalt of the operation mentioned later) to adjust the 
pressure of tiie fuel gas supplied to said fiiel cell. 

[0006] Thus, by constituting, opening adjustment is mechanically performed with a fiiel gas pressiu*e 
regulation means based on the differential pressure of the Ushiro's gas pressure and oxidant gas which 
the fuel off-gas and fuel gas after pressurization joined, i.e., the electrode differential pressure of a fuel 
cell. Therefore, it becomes possible by setting an elastic body as predetermined to control easily to 
electrode differential pressure of fuel cell request-within the limits. 
[0007] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the fiiel circuit system fuel cell 
system (it abbreviates to a fiiel cell system hereafter) concerning this invention is explained with 
reference to the drawing of drawing 4 from drawing 1 . In addition, the fuel cell system in the gestalt of 
this operation is the mode carried in the fuel cell powered vehicle. Drawing 1 is the outline block 
diagram of a fuel cell system. A fuel cell 1 carries out the laminating of many eels in which it comes to 
prepare the gas passageway for an anode and a cathode being formed in the both sides of the solid-state 
polyelectrolyte film, and supplying reactant gas to the outside of each electrode, and is constituted. The 
hydrogen gas as fuel gas is supplied to an anode, and this fuel cell 1 generates electricity by supplying 
the air as oxidant gas to a cathode. 

[0008] Air is pressurized by the air compressor 2, after it is humidified with the cathode humidifier 4 
through the air supply way 3, it is supplied to the cathode of a fuel cell 1, after the oxygen in this air is 
offered as an oxidizer, is discharged by the air off-gas way 5 as air off-gas from a fuel cell 1 , and is 
emitted to atmospheric air through a pressure control valve 6. The control unit (ECU) for fuel cells 
which is not illustrated controls the opening of a pressure control valve 6, and adjusts the supply 
pressure of the air by the side of a cathode to the pressure according to the demand output of a fuel cell 1 
while it controls the rotational frequency of an air compressor 2 and suppUes the air of the specified 
quantity to a fuel cell 1 according to the ou^ut (henceforth, demand ou^ut) demanded of the fuel cell 1 . 

[0009] After the hydrogen gas emitted from the high-pressure hydrogen tank which is not illustrated on 
the other hand is decompressed by the fuel gas pressure regulating valve (fiiel gas pressure regulation 
means) 7, flows into the anode humidifier 9 through the hydrogen gas supply way 8 and is humidified 
with the anode humidifier 9, it is suppUed to the anode of a fuel cell 1 . After a generation of electrical 
energy is presented with this hydrogen gas, it is discharged by the hydrogen off-gas way 1 0 as hydrogen 
off-gas from a fuel cell 1. The hydrogen off-gas discharged by the hydrogen off-gas way 10 is 
pressurized with a hydrogen pump 1 1, is retumed to the hydrogen gas supply way 8 through the 
hydrogen off-gas recovery way 12, joins the new hydrogen gas supplied through the fuel gas pressure 
regulating valve 7, is again supplied to a fuel cell 1 , and circulates. That is, the hydrogen pump 1 1 is 
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formed on the passage of hydrogen ofP-gas, and hydrogen off-gas will be pressurized on hydrogen off- 
gas passage. 

[0010] A hydrogen pump 1 1 has a rotational frequency controlled according to the demand output of a 
fiiel cell 1, and it is controlled so that a rotational frequency becomes large, as the demand output of a 
fuel cell 1 becomes large. That is, it is controlled by the fuel cell system so that the circulating load of 
hydrogen off-gas increases, as the demand output of a fuel cell 1 becomes large. Drawing 2 is drawing 
showing the relation between the output of the fuel cell 1 in the gestalt of this operation, and the power 
consumption of a hydrogen pump 1 1 . In addition, if the rotational frequency of a hydrogen pump 1 1 is 
raised, the power consumption of a hydrogen pump 1 1 will increase. 

[001 1] The fuel gas pressure regulating valve 7 is a bias type pressure regulating valve of a signal 
pressure installation mold, the air pressure before a fiiel cell 1 is supplied is inputted through the 
pneumatic-signal installation way 13 as signal pressure, and the pressure of the hydrogen gas of fuel gas 
pressure-regulatrng-valve 7 outlet regulates the pressure of it so that only a predetermined value (for 
example, lOkPa(s) or 20kPa(s)) may become high to said signal pressure. 

[0012] This fuel gas pressure regulating valve 7 is explained with reference to the outUne sectional view 
of drawing 3 . The building envelope of the body 21 of the fuel gas pressure regulating valve 7 is 
divided up and down by the pressure regulation diaphrams 22a and 22b, the space above diaphram 22a 
has become the signal pressure room 23, and the space below diaphram 22b has become the hydrogen 
gas passageway 24. The signal pressure room 23 is the closed space equipped with the air installation 
hole 25, and the air pressurized by the compressor 2 is introduced into the signal pressure room 23 from 
the air installation hole 25 through the pneumatic-signal installation way 13. 
[0013] The hydrogen gas passageway 24 equips the pars intermedia with the valve seat 26, and the 
hydrogen gas emitted from said high-pressure hydrogen tank is supplied to hydrogen gas-passageway 
24a of the upstream through the hydrogen gas inlet 27 rather than a valve seat 26. Moreover, hydrogen 
gas-passageway 24b of the downstream is connected to the hydrogen gas supply way 8 through the 
hydrogen gas outlet 28 rather than the valve seat 26. Diaphrams 22a and 22b were connected by the 
stem 29, interlocked, projected the stem 29 in hydrogen gas-passageway 24b, and are equipped with the 
valve element 30 at the tip. a valve element 30 — the valve seat 26 from the hydrogen gas-passageway 
24a side — taking a seat — alienation h£is become possible, if a valve element 30 sits down to a valve seat 
26, hydrogen gas-passageway 24a and hydrogen gas-passageway 24b will be intercepted, the fuel gas 
pressure regulating valve 7 will be in a close-by-pass-bulb-completely condition, if a valve element 30 
estranges from a valve seat 26, hydrogen gas-passageway 24a and hydrogen gas-passageway 24b are 
open for free passage, and the fiiel gas pressure regulating valve 7 will be in a valve-opening condition. 
In addition, drawing 3 shows the close-by-pass-bulb-completely-like object of the fuel gas pressure 
regulating valve 7. 

[0014] Moreover, the spring 31 for a bias setup (elastic body) which forces diaphram 22a in the 
direction close to the hydrogen gas passageway 24 is installed in the signal pressure room 23, and a 
spring 3 1 is energized through diaphram 22a and a stem 29 in the direction which estranges a valve 
element 30 from a valve seat 26. 

[0015] thus, in the constituted fuel gas pressure regulating valve 7 Since the pressure of the hydrogen 
gas in hydrogen gas-passageway 24ba acts on the inferior surface of tongue of diaphram 22b Since the 
1 St thrust acts on the inferior surface of tongue of diaphram 22b upward based on this and the pressure 
of the air in the signal pressure room 23 and the pressure of a spring 3 1 act on the top face of diaphram 
22a on the other hand, the 2nd thrust based on these acts on the top face of diaphram 22a downward. 
And Diaphrams 22a and 22b will be governed by the thrust difference of these 1 st thrusts and the 2nd 
thrust, and will move. Namely, when the 1st thrust is larger than the 2nd thrust, the upward force acts on 
Diaphrams 22a and 22b. A valve element 30 is pushed in the direction (namely, the direction of 
clausiUum) made to approach a valve seat 26, when the 1 st thrust becomes smaller than the 2nd thrust, 
the downward force acts on Diaphrams 22a and 22b, and it pushes in the direction (namely, the valve- 
opening direction) which makes a valve element 30 estrange from a valve seat 26. 
[0016] By the way, the pressure of the air supplied to the signal pressure room 23 is this ** mostly with 
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the gas pressure by the side of the cathode in a fuel cell 1. Moreover, the hydrogen off-gas pressurized 
by the hydrogen pump 1 1 and the hydrogen gas of the pressure of the hydrogen gas in hydrogen gas- 
passageway 24b newly supplied through the fuel gas pressure regulating valve 7 are almost the same as 
that of the pressure of the hydrogen gas which joined on the hydrogen gas supply way 8. From this, the 
pressure of the hydrogen gas in hydrogen gas-passageway 24b can be said to be this ** mostly with the 
gas pressure by the side of the anode in a fuel cell 1 . Therefore, this fuel gas pressure regulating valve 7 
is a pressure regulating valve which performs opening adjustment of a bulb according to the magnitude 
of the differential pressure of the gas pressure by the side of the cathode of a fuel cell 1, and the gas 
pressure by the side of an anode, i.e., electrode differential pressure, when electrode differential pressure 
becomes predetermined magnitude, said the 1st thrust and said 2nd thrust will balance, and whenever 
[ valve-opening ] will be determined. And electrode differential pressiire can be set as desired magnitude 
by setting the load rate of a spring 31 as predetermined. 

[0017] The 1st thrust which the fuel gas pressure regulating valve 7 will become from the pressure of the 
hydrogen gas before supply to the fuel cell 1 which made the hydrogen off-gas pressurized by the 
hydrogen pump 1 1 join the hydrogen gas supplied from the hi^-pressure hydrogen tank if it puts in 
another way. It is a part of fuel gas pressure regulation means which adjusts the pressure of the fuel gas 
which performs opening adjustment of a bulb based on the 2nd thrust which consists of a pressure of the 
air before supply to a fuel cell 1 , and pressure of a spring 3 1 , and counters said 1 st thrust, and is supplied 
to a fuel cell 1 . Even if the continuous line shows the observation result of the electrode differential 
pressure when changing the ou^ut of a fuel cell 1 in this fiiel cell system and it changes the output of a 
fuel cell 1 in drawing 4 , it can check that electrode differential pressure is controllable within the limits 
ofpredetemiined. 

[0018] Thus, in this fuel cell system, though it is the fiiel circuit system fuel cell system which the 
hydrogen off-gas discharged from a fuel cell 1 is made to join the new hydrogen gas supphed through 
the fuel gas pressure regulating valve 7, and supplies it to a fuel cell 1 , by the easy configuration, it can 
control now easily in the range of a request of electrode differential pressiu"e, and cost reduction can be 
plamied. 

[0019] By the way, by this fuel cell system, although the hydrogen pmnp 1 1 was formed between the 
hydrogen off-gas way 10 and the hydrogen off-gas recovery way 12 (i.e., the passage top of hydrogen 
off-gas), that reason is explained below. Although the gas pressure which made hydrogen off-gas join 
hydrogen gas acts on diaphram 22b of the fuel gas pressure regulating valve 7 in the case of the fuel cell 
system (this is hereafter called fuel cell system of the example of a comparison) which is in the middle 
of the hydrogen gas supply way 8, and comes to install a hydrogen pump 1 1 down-stream rather than the 
juncture of hydrogen gas and hydrogen off-gas as shown in drawing 5 , this gas pressure is the gas 
pressure before pressurizing with a hydrogen pump 11. Therefore, the gas pressure by the side of the 
anode of a fuel cell 1 is not acts on diaphram 22b. And since a fuel cell 1 will be supplied after this 
adjusted hydrogen gas is pressurized with a hydrogen pump 1 1 in spite of having adjusted the pressure 
of hydrogen gas based on the gas pressure by the side of a cathode by the fuel gas pressure regulating 
valve 7, it becomes a control system with it difficult [ to control the gas pressure by the side of an 
anode ], and it difficult [ to control electrode differential pressure in the predetermined range ]. 
[0020] In drawing 4 , the two-dot chain line shows the observation result of the electrode differential 
pressure when changing the output of a fuel cell 1 in the fuel cell system of said example of a 
comparison. Here, the control condition of a hydrogen pump 1 1 presupposed that it is the same as the 
time of installing a hydrogen pump 11 on the passage of hydrogen off-gas. That is, it controlled to 
enlarge power consumption of a hydrogen pump 1 1 as were shown in drawing 2 and the output of a fuel 
cell 1 became large. Consequently, in the case of the fuel cell system of the example of a comparison, 
electrode differential pressure is uncontrollable to predetermined within the limits, and electrode 
differential pressure has also become large as the output of a fuel cell 1 becomes large. After all, in 
having installed the hydrogen pump 11 down-stream rather than the jvmcture of hydrogen gas and 
hydrogen off-gas, control of electrode differential pressure becomes difficult. Therefore, when the 
controllability of electrode differential pressure is taken into consideration, a hydrogen pimip 1 1 must be 
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installed on the passage of hydrogen off-gas. 

[0021] Gestalt] of operation of others [ [ ] In addition, this invention is not restricted to the gestalt of 
operation mentioned above. For example, the fuel gas pressure regulating valve 7 may be a regulator 
valve of the proportional expression which regulates the pressure of the pressure of hydrogen gas the 
predetermined twice (for example, 1.1 to 1.3 times) of signal pressure. 
[0022] 

[Effect of the Invention] Since it is easily controllable to electrode differential pressure of fuel cell 
request-within the limits by setting the elastic body of a fuel g2is pressure regulation means as 
predetermined to explain above according to invention indicated to claim 1, the system configuration of 
a fuel circuit system fuel cell system becomes easy, and the outstanding effectiveness that cost reduction 
can be planned is done so. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPX are not: responsible for any 
damages caused by tbe use of this teamslatlon. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is an outline block diagram in the gestalt of 1 operation of the fuel circuit system fuel cell 
system concerning this invention. 

[Drawing 2] It is drawing showing the relation between the output of a fuel cell, and the power 
consumption of a hydrogen pump in the gestalt of said operation. 

[Drawing 3] It is the sectional view of the fuel gas pressure regulating valve in the gestalt of said 
operation. 

[Drawing 4] It is drawing showing the observation result of change of the electrode differential pressure 
to output change of a fuel cell. 

[Drawing 5] It is the outline block diagram of the fuel cell system in the example of a comparison. 
[Description of Notations] 

I Fuel Cell 

7 Fuel Gas Pressure Regulating Valve (Fuel Gas Pressure Regulation Means) 
10 Hydrogen Off-gas Way (Passage of Hydrogen Off-gas) 

I I Hydrogen Pump (Fuel Gas Pressure Regulation Means) 

12 Hydrogen Off-gas Recovery Way (Passage of Hydrogen Off-gas) 
3 1 Spring (Elastic Body) 

[Translation done.] 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
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DRAWINGS 



prawing 1] 

13* 




24a 30 26 24b 



[Drawing 4] 
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[Drawing 51 




[Translation done.] 
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